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**I**n cesarean, most patients tend to have general anesthesia instead of other modalities. It is thus vital to prevent complications occurring after general anesthesia and mechanical ventilation intubation.^[@ref1],[@ref2]^ Although the use of mechanical ventilation in some cases causes pulmonary damage, this method is essential for the survival of patients undergoing surgery. When associated with atelectasis and hypoxia, these damages could undermain the respiratory process.^[@ref3],[@ref4]^ After general anesthesia and after physiological removal of the intubation, the functional remaining capacity (FRC) is eliminated, eventually causing damage of the alveoli. One of the postoperative side effects that may occur is severe decrement of oxygen saturation of blood, i.e., hypoxia. Various effects of postoperative hypoxia could be right-to-left lung intraventricular shunts, atelectasis, FRC reduction, congestive heart failure, hypotension (due to residual effects of anesthetic drugs), disseminated hypoxia (due to N~2~O deficiency), pulmonary embolism, pneumothorax, postoperative shivering, sepsis, blood transfusion-induced lung damage. High age, obesity and aspiration of the contents of the stomach are some of the cofactors. Among these complications, atelectasis and alveolar hypoventilation are seen frequently after general anesthesia.^[@ref5],[@ref6]^ Pulmonary atelectasis is the main event that causes abnormalities in gas exchange and hypoxia during anesthesia. It was suggested that the primary treatment of collapse in patients undergoing anesthesia is to exert positive pressure at the end of the exhalation (PEEP). Also, using the different levels of positive end-expiratory pressure is suggested for treating of atelectasis and improving arterial oxygenation. Pulmonary gas exchange is usually affected and reduced during general anesthesia. Also, the FRC decreased about 21% during induction of anesthesia. Several reports are available on the effects of using the different levels of PEEP on ventilation over the FRC of patients during the general anesthetic. Reduction of FRC could be partially restored through re-conditioning by using PEEP.^[@ref7]^ On the other hand, it has been proven that PEEP reduces cardiac input and ioutput, the diastolic volume of left ventricue, central arterial pressure and central venous pressure, inducing changes of regional blood flow. At the same time, PEEP could reduce blood flow to liver and kidneys, glomerular filtration, urine output, and sodium excretion.^[@ref8]^ The most important consequences of atelectasis include acute hypoxia, resistant hypoxia to increased oxygen concentration, increasing arterial alveolar oxygen gradient and reducing ventilation.^[@ref9]^ Effective measures, in this case, include recruitment technique and use of PEEP. However, this method is not risk-free and cannot eliminate atelectasis. In the current work, we aimed to show effectiveness of PEEP during surgery on patient postoperative oxygen saturation and on prevention of atelectasis.

Materials and methods {#sec1-1}
=====================

The present study is a randomized double-blind clinical trial that was performed on patients undergoing elective cesarean section surgery. This study was approved by ethics committee of Birjand University of medical Sciences and registered in Iranian Registry of Clinical Trials (IRCT) number: IRCT2015072423315N1. The study was conducted on 120 individuals with ASA class I and II who were referred to Vali-Asr General Hospital in Birjand for cesarean section. The inclusion criteria for patients to be submitted to elective cesarean section were: BMI below 30, age 15 to 35. Exclusion criteria included any chronic heart failure (CHF) related illness, pulmonary disease including asthma, allergy, emphysema, Chronic Obstructive Pulmonary Disease (COPD), bronchitis, pulmonary edema, aspiration, pulmonary embolism, pneumothorax, postoperative shivering, sepsis, pulmonary injury induced by blood transfusions, Acute Respiratory Distress Syndrome (ARDS), eclampsia and pre-eclampsia, or any incident during operation and ventilation that affects the arterial oxygen saturation. After the necessary explanation, the consent was obtained and the individual information questionnaire was completed. Patients enrolled were then randomly assigned to one of the three groups (A-B-C) according to the randomized blocking method.

On the operation bed, after the anesthetic induction, the hemodynamic indices including mean atrial pressure (MAP) and heart rate (HR) and arterial oxygen saturation (SPO~2~) were recorded by a monitor, which was continued during operation and recorded every 15 minutes. The patient was then oxygenated with 100% of oxygen for three minutes. After induction of anesthesia, Thiopental injected at 5 mg/kg and succinylcholine injected at 1.5 mg/kg and then a technician intubated the patient in less than 15 seconds.

Patients in group A underwent mechanical ventilation without PEEP. In group B, patients underwent ventilation with 5cm H~2~O PEEP and 10cm H~2~O under ventilation with PEEP in the group C. All patients received 50% N~2~O and 50% oxygen at the time of anesthesia. Anesthesia was maintained with Propofol at a dose of 100 mg/kg/min and 50% N~2~O. After delivery, all patients received 100 μg (microgram) of fentanyl, 40 units of oxytocin: 30 unit's intra-serum and ten units intravenously. During operation, in all patients, serum was ringer lactate. After the spontaneous respiratory depression, atracurium was injected at a dose of 0.2 mg/kg. At the end of the operation, and after the spontaneous respiration recovery, subjects were treated with neuromuscular blockers (Neostigmine 40 mg/kg and Atropine 20 mg/kg). Statistical analysis was done with IBM SPSS version 24; one-way ANOVA, one-way ANOVA repeated measures and Kolmogorov-Simonov with the significant P value \< 0.05. With G\*Power software, the power of the analysis was determined to be higher than 80 percent.

Results {#sec1-2}
=======

120 patients with caesarian section ASA (I and II) and anesthesia were enrolled in this study. Analyses showed no significant difference between the three groups A, B, and C ([Table 1](#table001){ref-type="table"}). Analysis failed to show any significant difference in SPO~2~ pre-, post-, and during operation among the three groups; however, post Tukey's analysis showed significant difference between groups C and B in comparison to group A ([Table 2](#table002){ref-type="table"}). Heart rates and MAP did not have any significant difference between the three groups A-B-C in pre-, post-, and during operation ([Tables 3](#table003){ref-type="table"} and 4). However, analysis of MAP, heart rate, and mean of SPO~2~ during, pre- and post-operation showed a significant difference between each groups separately. According to the [table 2](#table002){ref-type="table"}, the results of one-way ANOVA showed that the mean arterial blood pressure before, during and after operation in patients in the three groups was not significantly different (p\> 0.05). The result of the in-group analysis showed that the average mean arterial pressure in patients in group A was not significantly different at the various stages (before, during and after operation) (p = 0. 49), but in patients with B and C, a significant difference was achieved (p \<0.05). The result of Bonferroni\'s test showed that the mean arterial pressure in patients with B and C during and after surgery was significantly lower than before the operation (p \<0.05). Also, in group B, after surgery, there was a significant decrease in the time of operation (p \<0.05). According to the [table 3](#table003){ref-type="table"}, the results of one-way ANOVA showed that the mean heart rate before, during and after operation in patients in the three groups did not differ significantly (p\> 0.05). The results of in-group analysis of variance showed that the mean heart rate in patients in group A and C were not significantly different at the various stages (before, during and after the operation) (p\> 0.05), but there was a significant difference in group B (01 / 0 = p). The results of Bonferroni\'s chi-square test showed that the mean heart rate in group B patients significantly decreased during and after surgery (p \<0.05). According to [Table 4](#table004){ref-type="table"}, the results of Kruskal-Wallis test showed that the mean pre-operative arterial oxygen saturation did not differ significantly between the three groups (p = 0. 49), but during and after the operation, the significant difference was observed between these three groups (p \<0.001). The result of the Mann-Whitney test indicated that the mean of oxygen saturation of arterial blood oxygen during and after surgery with patients in group B and C was significantly higher than group A (p \<0.05). The result of Friedman test showed that the mean of oxygen saturation of arterial blood oxygen was significantly different in the patients in the three groups A, B, and C at the various stages (preoperative, during and after the operation) (p \<0.001). The results of Wilcoxon test showed that the mean of oxygen saturation of arterial oxygen in patients of group A significantly increased during operation compared to the previous one and significantly decreased after surgery (p \<0.05). Also, the mean oxygen saturation of arterial oxygen in patients with B and C during and after the operation was significantly increased and significantly decreased after surgery (p \<0.05).

Discussion {#sec1-3}
==========

In this study we showed that using PEEP of 5 and 10 cm of H~2~O during the operation the arterial oxygen saturation was positively affected. Toyama et al. in 2012 investigated the effect of end-stage positive exertion on FRC (residual functional capacity of the lung) in low-volume ventilation during general anesthetic on nine patients with upper abdominal surgery.^[@ref10]^ Patients were ventilated with face mask and 100% oxygen and PEEP = 2cm H~2~O before anesthesia and FRC were measured. After tracheal intubation, the PEEP of 5 and 10 were recorded for 2 hours (7 ml/kg body weight). It was shown that FRC decreases by induction of anesthesia. Using a PEEP of about 5 to 10 centimeters of water can increase the lung functional capacity to the extent that the FRC is similar to that of a person\'s awakening. An one-blind clinical trial conducted in 2007 by Abedinzadeh et al.,^[@ref11]^ investigated the rate of reduction of arterial oxygen saturation after induction of anesthesia in 66 patients with three methods of peroxidation. In the first group, anesthesia was induced after the normal breathing using air oxygen. The second group consisted of 50% oxygen and 50% nitrous oxide, and the third group with 100% oxygen for 3 minutes, pre-oxygenated. After anesthetic induction, patients remained in apnea until 91% of their blood oxygen saturation, and then the time to reduce oxygen saturation is 91% for each patient. It was shown that pre oxygenation of patients for three minutes before surgery with normal breathing and 100% oxygen could significantly increase the duration of oxygen saturation to 91% in patients. A clinical trial study in 2013 by Golparvar et al.,^[@ref3]^ compared the effects of different levels of PEEP on hemodynamic and respiratory factors in patients with the healthy and damaged lung. During the clinical trial, patients were divided into two groups of 24 patients with healthy lungs and 28 patients with damaged lung. Then, different levels of PEEP were applied for 10 minutes. At first and at the end of each 10 minutes, the respiratory and hemodynamic characteristics of the patients were recorded and shown the increasing the level of the PEEP from 0 to 15 increased SPO2, decreased heart rate and blood pressure systolic and diastolic (p \<0.001).^[@ref2]^ Also, in the other study, the effect of PEEP on respiratory function in open heart surgery patients showed that arterial oxygen pressure was significantly higher in the two groups that found CPAP and IMV than the control group. The effect of mechanical ventilation with PEEP on the fate of pharmacokinetics of drugs has also been studied. In Najafi\'s study, the study of the pharmacokinetics of aminophylline following mechanical ventilation with PEEP showed that the volume of distribution and clearing of drugs in mechanical ventilation with positive pressure decreases.^[@ref12],[@ref13]^ Therefore, if the positive pressure of the expiratory end is given at the right time, it can have significant effects on the respiratory function as well as the fate of the medications in the body. Dizon Satoh et al. used 0.5 and 10 cm water PEEP in 3 groups of patients with abdominal surgery, it was found that PEEP for 2 hours in patients undergoing abdominal surgery improved lung function and FRC.^[@ref10],[@ref14],[@ref15]^

Our study showed that heart rate and mean arterial pressure did not differ significantly between the three groups and in different stages (before, during, after surgery).

In conclusion, the use of PEEP up to 5 cm of water during surgery could improve the hemodynamic state of the patients, in particular, the oxygenation of blood.
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###### 

Comparison of mean age and weight in patients in the three groups

  Variables   Mean +/- SD   Results                          
  ----------- ------------- ------------ ------------ ------ ------
  Age         29/13±4/65    27/60±4/27   26/90±4/88   0/09   2/44
  Weight      67/00±9/71    68/25±8/31   67/35±6/42   0/7    0/24

###### 

Comparison of MAP before, during and after surgery in patients in the three groups

  --------- --------------- ------------------ ---------------- ------------
            Mean±SD                                             
  Groups    Pre-Operation   During-Operation   Post-Operation   In-p-value
  A         94/98±10/54     94/08±12/90        92/25±12/99      0/49
  B         96/75±9/42      93/18±8/98         89/43±19/51      \<0/001
  C         95/83±12/70     90/20±13/14        90/5313/39       0/005
  p-value   0/77            0/31               0/59             \-
  --------- --------------- ------------------ ---------------- ------------

###### 

Comparison of mean heart rate before, during and after surgery in patients in the three groups

  --------- --------------- ------------------ ---------------- ------------
            Mean±SD                                             
  Groups    Pre-Operation   During-Operation   Post-Operation   In-p-value
  A         99/28±15/06     96/98±16/69        95635±10/76      0/32
  B         103/70±15/81    97/18±10/67        98/98±10/45      0/01
  C         96/38±14/73     93/15±9/29         95/30±9/81       0/23
  p-value   0/10            0/28               0/22             \-
  --------- --------------- ------------------ ---------------- ------------

###### 

Comparison of mean oxygen saturation of arterial blood oxygen before, during and after operation in the three groups

  --------- --------------- ------------------ ---------------- ------------
            Mean±SD                                             
  Groups    Pre-Operation   During-Operation   Post-Operation   In-p-value
  A         97/25±1/03      98/25±1/13         97/13±1/16       \<0/001
  B         98/30±0/94      98/95±0/68         98/98±10/45      0/01
  C         96/95±1/04      99/51±9/29         98/50±0/91       0/23
  p-value   0/49            \<0/001            \<0/001          \-
  --------- --------------- ------------------ ---------------- ------------
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